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ABSTRACT: Hypertension is a major cardiovascular risk factor, and angiotensin-converting enzyme (ACE) inhibition
remains a key strategy for its management. The present study aimed to compare the ACE inhibitory activity of solvent
fractions obtained from Piper betle L. leaves, Morinda citrifolia L. fruits, and Dracaena angustifolia Roxb. leaves. Ethanolic
extracts were fractionated by liquid-liquid partitioning using n-hexane, ethyl acetate, and water. Fraction yields were
determined, and in vitro ACE inhibitory activity was evaluated at 100 pg/mL using the ACE Kit-WST assay. Statistical
analysis was performed using Welch ANOVA followed by the Games-Howell post hoc test. The aqueous fractions
consistently produced the highest yields (56.10-87.99%), whereas the ethyl acetate fractions yielded the lowest amounts
(5.15-14.47%). ACE inhibitory activity varied markedly among fractions, ranging from 28.23 £ 1.91% to 95.88 £ 0.89%.
The ethyl acetate fraction of P. betle exhibited the strongest ACE inhibitory activity (95.88 £ 0.89%) and showed no
significant difference from captopril (p = 0.103). In contrast, the highest activities of M. citrifolia and D. angustifolia were
observed in the ethyl acetate (51.35 £ 0.94%) and n-hexane (59.68 + 3.30%) fractions, respectively. These findings
demonstrate that solvent fractionation effectively enriches ACE-inhibitory constituents and identify the ethyl acetate
fraction of P. betle as a promising source of natural ACE inhibitors for further antihypertensive drug development.
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1. INTRODUCTION

Hypertension is a multifactorial cardiovascular disorder characterized by persistently elevated arterial
blood pressure arising from dysregulation of the physiological processes responsible for maintaining vascular
homeostasis [1,2]. The development of hypertension is associated with multiple pathophysiological
mechanisms, including endothelial dysfunction, oxidative stress, impaired renal sodium handling, increased
sympathetic nervous system activity, and excessive activation of the renin-angiotensin-aldosterone system
(RAAS) [3,4]. In addition to these biological mechanisms, several modifiable risk factors, such as excessive
dietary sodium intake, obesity, physical inactivity, tobacco use, alcohol consumption, and chronic
psychosocial stress, contribute significantly to the development and progression of hypertension [5]. The
global burden of hypertension has increased substantially over recent decades, with an estimated 1.4 billion
adults aged 30-79 years living with the condition worldwide in 2024, making it a leading contributor to
premature mortality and cardiovascular morbidity worldwide [6].

Among the mechanisms involved in blood pressure regulation, the renin-angiotensin-aldosterone
system (RAAS) is recognized as a central contributor to the development and progression of hypertension [7].
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Within this system, angiotensin-converting enzyme (ACE), a zinc-dependent dipeptidyl carboxypeptidase,
catalyzes the conversion of angiotensin I to angiotensin II, a potent vasoactive peptide that induces
vasoconstriction, stimulates aldosterone secretion, enhances sodium retention, and promotes oxidative stress
and vascular remodeling [3,8]. Consequently, excessive ACE activity contributes to increased peripheral
vascular resistance and persistent elevation of blood pressure, making ACE a primary molecular target for
antihypertensive therapy [9].

The inhibition of ACE activity has become a key therapeutic strategy for hypertension management, and
ACE inhibitors remain among the first-line antihypertensive agents recommended in clinical guidelines [10].
However, the long-term use of synthetic ACE inhibitors may be associated with adverse effects, including dry
cough, hypotension, dizziness, angioedema, and renal dysfunction [11]. Consequently, increasing attention
has been directed toward the identification of natural ACE inhibitors from medicinal plants as potential
alternatives for hypertension management [12].

Ethnobotanical knowledge, together with prior phytochemical and pharmacological evidence, provides
a strong rationale for selecting these three species. P. betle has long been used traditionally for various ailments
[13] and contains phenolic and flavonoid constituents, including catechin and quercetin [14]. Its ACE-
inhibitory potential is supported by early in vitro evidence (Somanadhan et al. 1999). Recent computational
studies have identified several bioactive constituents of P. betle with promising ACE-inhibitory potential,
exhibiting favorable binding affinities, favorable drug-likeness properties, and acceptable predicted safety
profiles, supporting its potential as a source of natural antihypertensive agents [15].

M. citrifolia (noni) is traditionally used for hypertension and cardiovascular support [16], backed by the
strongest direct evidence among the three species: dose-dependent in vitro ACE inhibition [17,18] and a
human case study linking noni juice to ACE inhibition and reduced blood pressure [19]. D. angustifolia is
traditionally used for preeclampsia, a hypertensive disorder [20], and its extracts show antioxidant and
cardioprotective effects [21], but its ACE-inhibitory activity has never been directly tested, representing the
specific gap this study addresses. Together, these three species offer converging but unequally developed
evidence for ACE-inhibitory potential. Since phytochemical distribution varies with solvent polarity, solvent
fractionation was used to enrich each species' active constituents. This study therefore compared the ACE
inhibitory activity of solvent fractions from P. betle L., M. citrifolia L., and D. angustifolia Roxb. as candidate
natural antihypertensive agents.

2. MATERIALS AND METHODS
2.1. Materials

The materials used in this study included crude extracts and solvent fractions of P. betle L. leaves, M.
citrifolia L. fruits, and D. angustifolia Roxb. leaves, ACE Kit-WST (Dojindo Laboratories, Kumamoto, Japan),
captopril (Sigma-Aldrich, USA), technical-grade n-hexane and ethyl acetate, and distilled water. The
equipment used included a rotary evaporator (BUCHI Rotavapor R-214, BUCHI Labortechnik, Switzerland),
an analytical balance (Mettler Toledo, Greifensee, Switzerland), a drying oven (Memmert, Germany), a
separatory funnel (Pyrex, USA), micropipettes (Eppendorf, Germany), 96-well microplates, and a Thermo
Scientific Varioskan LUX Multimode Microplate Reader (Thermo Fisher Scientific, USA).

2.2. Methods
2.2.1. Collection and Identification of Plant Material

Plant samples used in this study were obtained from the Indonesian Research Institute for Spice and
Medicinal Crops (BALITTRO), Bogor, Indonesia. Specimens of the three species, P. betle L., M. citrifolia L., and
D. angustifolia Roxb., were subsequently identified at the Center for Plant Conservation and Botanical Gardens,
National Research and Innovation Agency (BRIN), to confirm their botanical identity prior.

2.2.2. Extraction and Liquid-Liquid Fractionation

The dried samples of P. betle leaves, M. citrifolia fruits, and D. angustifolia leaves were cleaned, pulverized,
and extracted by repeated maceration using 96% ethanol. Briefly, the powdered plant materials were
macerated in five consecutive 24-h cycles with periodic agitation and solvent replacement. The combined
filtrates were concentrated under reduced pressure using a rotary evaporator and subsequently dried to obtain
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crude ethanolic extracts. The crude extracts were then subjected to liquid-liquid partitioning based on solvent
polarity. Briefly, 1 g of each crude extract was suspended in 25 mL of distilled water and successively
partitioned with 25 mL of n-hexane and ethyl acetate using a separatory funnel. Each partitioning step was
repeated five times to obtain the n-hexane, ethyl acetate, and aqueous fractions. The fractions were
concentrated under reduced pressure using a rotary evaporator (50 °C, 70 rpm) and subsequently dried in an
oven at 50 °C to remove residual solvents. The fractionation yield (%) was calculated relative to the dry weight
of the corresponding crude extract [13-15].

2.2.3. In Vitro ACE Inhibitory Assay
Preparation of Enzyme and Indicator Solutions

The enzyme solution was prepared by dissolving Enzyme B in 2 mL of distilled water, transferring 1.5
mL of the resulting solution to the Enzyme A vial, and gently mixing on ice, after which the solution was
stored at —20 °C. The indicator solution was prepared by separately dissolving Enzyme C and the coenzyme
reagent in 3 mL of distilled water, then mixing 2.8 mL of each solution with the indicator reagent under chilled
conditions to obtain the working indicator solution, which was subsequently stored at —20 °C.

Preparation of Sample Solutions

The n-hexane, ethyl acetate, and aqueous fractions of P. betle leaves, M. citrifolia fruits, and D. angustifolia
leaves, together with captopril, were individually prepared as 1,000 pg/mL stock solutions in distilled water
and subsequently diluted to 100 pg/mL for the ACE inhibitory assay.

ACE Inhibitory Assay Procedure

The ACE inhibitory assay was performed in 96-well microplates using the ACE Kit-WST (Dojindo
Laboratories), based on the colorimetric method developed by Lam et al. (2007, 2008) [22,23], in which 3-
hydroxybutyryl-glycyl-glycyl-glycine (3HB-GGG) served as the substrate. ACE cleaves 3HB-GGG into glycyl-
glycyl-glycine and 3-hydroxybutyric acid (3HB). The released 3HB is subsequently oxidized through an
enzymatic coupling reaction, generating NADH that reduces WST-1 to a yellow-colored formazan product
measurable at 450 nm. Therefore, the absorbance intensity is directly proportional to ACE activity, and
inhibition of ACE results in reduced formazan formation and lower absorbance values.

For the sample wells, 20 pL of sample solution was mixed with 20 pL of substrate buffer containing 3HB-
GGG and 20 pL of enzyme solution. In Blank 1 (positive control), the sample solution was replaced with 20 pL
of distilled water, whereas in Blank 2 (reagent blank), the enzyme solution was replaced with distilled water.
The reaction mixtures were incubated at 37 °C for 60 min, followed by the addition of 200 pL of indicator
solution and further incubation at room temperature for 10 min. Absorbance was measured at 450 nm using
a microplate reader. For colored fractions, sample blanks consisting of 20 uL of sample solution and 240 uL of
distilled water were prepared, and their absorbance values were used to correct for background interference.
All measurements were performed in triplicate, and the percentage inhibition of ACE activity was calculated
using the following equation:

ABlank 1 ASample

ACE inhibition (%) = x 100

Aplank 1 — Aplank 2
Where Agank1 is the absorbance of the positive control (without inhibitor), Apiank2is the absorbance of the
reagent blank, and Asample is the absorbance of the tested sample [13-15].

2.3. Data Analysis

The ACE inhibitory activity data obtained from the solvent fractions were subjected to statistical analysis
and expressed as mean * standard deviation (SD) of three independent measurements. Normality was
assessed using the Shapiro-Wilk test, while homogeneity of variances was evaluated using Levene’s test.
Differences among groups were analyzed using Welch’s one-way analysis of variance (Welch ANOVA). When
significant differences were detected, pairwise comparisons were performed using the Games-Howell post
hoc test. Statistical analyses were conducted using IBM SPSS Statistics version 26.0, and differences were
considered statistically significant at p < 0.05.
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3. RESULTS
3.1. Fractionation Yield of Plant Extracts

Figure 1 shows the yields of solvent fractions obtained from P. betle, M. citrifolia, and D. angustifolia. The
yields of the n-hexane, ethyl acetate, and aqueous fractions ranged from 9.26-29.43%, 5.15-14.47 %, and 56.10-
87.99%, respectively. The highest yield was observed for the aqueous fraction of M. citrifolia (87.99%), whereas
the lowest yield was recorded for the ethyl acetate fraction of M. citrifolia (5.15%). Overall, a similar yield
distribution pattern was observed among the three plant species, with the aqueous fractions consistently
showing the highest yields and the ethyl acetate fractions the lowest. The predominance of the aqueous
fractions indicates that water-soluble constituents constituted a major portion of the extracted materials.
Differences in fraction yields may reflect variations in the distribution of phytochemicals according to their
polarity during the partitioning process.

100,00
— 87,99
80,00 72,86
70,00
60,00 56,10

50,00

Yield (%)

40,00
29,43
5908 21,54

20,00 14,47

9,26
10,00 5,15 5,60

0,00

n-Hexane Fraction Ethyl Acetate Fraction Aqueous Fraction

m P. betle Leaves  m M. citrifolia Fruits D. angustifolia Leaves

Figure 1. Comparison of the yields (%) of n-hexane, ethyl acetate, and aqueous fractions obtained from P. betle
leaves, M. citrifolia fruits, and D. angustifolia leaves after liquid-liquid partitioning,.

3.2. In Vitro ACE Inhibitory Activity

The ACE inhibitory activities of solvent fractions obtained from P. betle leaves, M. citrifolia fruits, and D.
angustifolia leaves at a concentration of 100 ng/mL are presented in Table 1. ACE inhibitory activity varied
markedly among the fractions, ranging from 28.23 £ 1.91% to 95.88 + 0.89%. The ethyl acetate fraction of P.
betle exhibited the strongest inhibitory activity (95.88 + 0.89%), followed by its n-hexane fraction (68.75
2.64%), whereas the aqueous fraction showed substantially lower activity (28.23 £ 1.91%). In M. citrifolia, the
ethyl acetate fraction also demonstrated the highest ACE inhibitory activity (51.35 + 0.94%), while the n-
hexane and aqueous fractions exhibited lower activities of 33.26 £ 1.67% and 35.59 * 5.30%, respectively. For
D. angustifolia, the n-hexane fraction showed the greatest inhibitory activity (59.68 + 3.30%), followed by the
aqueous fraction (54.42 + 0.82%) and the ethyl acetate fraction (45.81 + 0.46%). Overall, substantial variation
in ACE inhibitory activity was observed among the solvent fractions obtained from the three plant species.
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Figure 2. In vitro ACE inhibitory activity of solvent fractions obtained from P. betle leaves, M. citrifolia fruits, and D.
angustifolia leaves at 100 pg/mL. Values are presented as mean + SD (n = 3). Abbreviations: NHFPB = Piper betle leaf n-
hexane fraction; EAFPB = Piper betle leaf ethyl acetate fraction; AFPB = Piper betle leaf aqueous fraction; NHFMC =
Morinda citrifolia fruit n-hexane fraction; EAFMC = Morinda citrifolia fruit ethyl acetate fraction; AFMC = Morinda citrifolia
fruit aqueous fraction; NHFDA = Dracaena angustifolia leaf n-hexane fraction; EAFDA = Dracaena angustifolia leaf ethyl
acetate fraction; AFDA = Dracaena angustifolia leaf aqueous fraction; CAP = captopril.

4. DISCUSSION

The fraction yields obtained from the liquid-liquid fractionation of 1 g of ethanol extract from P. betle
leaves, M. citrifolia fruits, and D. angustifolia leaves are presented in Table 1. As shown, the aqueous fractions
consistently produced the highest yields (56.10-87.99%), whereas the ethyl acetate fractions yielded the lowest
amounts (5.15-14.47 %) across all plant species. This distribution indicates that a substantial proportion of the
extracted constituents consisted of highly polar compounds that preferentially partitioned into the aqueous
phase during fractionation. Polar phytochemicals, such as polysaccharides, glycosides, organic acids, amino
acids, and certain phenolic compounds, are commonly enriched in aqueous fractions, resulting in greater
recovery yields than less polar fractions [24,25]. Consequently, fraction yield primarily reflects the abundance
and polarity of phytochemicals present in the crude extract rather than their biological activity.

Among the investigated plants, M. citrifolia fruit exhibited the highest aqueous fraction yield (87.99%),
indicating a predominance of water-soluble metabolites. Previous phytochemical studies have reported that
M. citrifolia fruits are rich in polysaccharides, iridoid glycosides, flavonoids, coumarins, and other polar
constituents, which may explain the high recovery observed in the aqueous fraction [26]. P. betle and D.
angustifolia are known to contain diverse phenolic compounds and flavonoids, while glycosides and saponins
have also been reported in several extracts. Because these metabolites are generally moderately to highly
polar, they tend to partition into polar solvent fractions during solvent fractionation [27,28]. Importantly,
fraction yield was not directly associated with ACE inhibitory activity. Although aqueous fractions produced
the highest yields, they did not necessarily exhibit the strongest ACE inhibitory effects. This finding suggests
that biological activity depends on the enrichment of specific bioactive constituents rather than the total mass
of recovered material, a phenomenon frequently observed in bioassay-guided fractionation studies.

Comparison of the three species revealed that the ethyl acetate fraction of P. betle exhibited the strongest
ACE inhibitory activity (95.88%), suggesting enrichment of bioactive compounds with high affinity toward
ACE. This activity was markedly higher than the previously reported ACE inhibitory activities of crude P.
betle leaf extracts, which reached 56%, 48%, and 41 % for the water, ethanol, and acetone extracts, respectively,
using an HPLC-based ACE bioassay [29]. Such differences may be attributed to variations in sample
preparation and analytical methodology, as the present study evaluated an ethyl acetate fraction using the
ACE Kit-WST colorimetric assay, whereas the previous study employed crude extracts and an HPLC-based
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assay. Statistical analysis further confirmed significant differences among the fractions. Although all datasets
showed normal distribution according to the Shapiro-Wilk test (p > 0.05), variance homogeneity was not met
(Levene’s test, p = 0.001). Therefore, Welch ANOVA was applied and revealed significant differences in ACE
inhibitory activity among the fractions (p < 0.001). Subsequent Games-Howell analysis showed that the ethyl
acetate fraction of P. betle differed significantly from several less active fractions, including the aqueous
fraction of P. betle, the n-hexane and aqueous fractions of M. citrifolia, and the n-hexane fraction of D.
angustifolia (p < 0.05). Notably, no significant difference was observed between the ethyl acetate fraction of P.
betle and captopril (p = 0.103), indicating a comparable inhibitory effect under the tested conditions.

The superior activity of the ethyl acetate fraction of P. betle may be associated with its abundance of
hydroxychavicol and related phenolic constituents, which are recognized as major bioactive compounds with
strong enzyme-inhibitory properties [30-32]. This finding is consistent with previous studies showing that
ACE-inhibitory compounds are often concentrated in semi-polar fractions rich in phenolic compounds and
flavonoids [33]. Likewise, several studies have reported that ethyl acetate fractions exhibit stronger ACE
inhibitory activity than crude extracts or highly polar fractions because this solvent effectively concentrates
semi-polar bioactive compounds, including phenolics and flavonoids, that can interact with the ACE active
site or chelate the catalytic Zn?" ion [33-36]. Despite its lower yield, the ethyl acetate fraction of P. betle
exhibited substantially higher activity than the aqueous fraction, indicating effective enrichment of ACE-
inhibitory metabolites during solvent partitioning.

Similarly, the ethyl acetate fraction of M. citrifolia showed the highest ACE inhibitory activity (51.35%),
which may be attributed to flavonoids, scopoletin, rutin, and iridoid glycosides known for their
antihypertensive properties [18,37]. In contrast, D. angustifolia exhibited the highest activity in the n-hexane
fraction (59.68%), suggesting the involvement of relatively nonpolar constituents such as terpenoids and
steroidal compounds. Collectively, these findings indicate that the ACE inhibitory activity of the studied
plants is associated with different classes of phytochemicals distributed across fractions of varying polarity.

Overall, these results demonstrate that solvent polarity plays an important role in the enrichment of ACE-
inhibitory compounds. Among the tested samples, the ethyl acetate fraction of P. betle exhibited the highest
ACE inhibitory activity (95.88%) and showed no significant difference from captopril, highlighting its
potential as a source of natural antihypertensive agents. Further bioassay-guided fractionation and
phytochemical characterization are required to identify the compounds responsible for the observed activity.

5. CONCLUSION

Solvent fractionation influenced the enrichment of ACE-inhibitory compounds in P. betle L., M. citrifolia
L., and D. angustifolia Roxb. Although the aqueous fractions produced the highest yields, the strongest ACE
inhibitory activity was observed in the ethyl acetate fraction of P. betle (95.88%), which did not differ
significantly from captopril. The highest ACE inhibitory activities of M. citrifolia and D. angustifolia were
observed in the ethyl acetate and n-hexane fractions, respectively. These findings indicate that P. betle,
particularly its ethyl acetate fraction, is a promising source of natural ACE inhibitors and warrants further
phytochemical characterization and pharmacological evaluation.
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